Introduction
The ypt/rab proteins constitute a subgroup within the growing superfamily of small GTP-binding proteins whose prototype is the p2 1-ras protein (reviewed in [l] ). The original family members, Yptlp and Sec4p from Saccharomyces cerevkzize, are required for trafficking between the endoplasmic reticulum (ER) and Golgi complex, and from the Golgi to the cell surface, respectively [2, 3] . Many related proteins have now been described from different species; they are usually termed ypt proteins if they derive from yeast, and rab proteins from higher organisms. The discovery that different rab proteins are localized to different membrane comAbbreviation used: ER, endoplasmic reticulum. *To whom correspondence should be sent. $Present address: Department of Molecular and Cellular Biology, University of California, Berkeley, CA 94720, USA partments [ 13 supported the notion that each stage of vesicle trafficking requires a different rablypt protein, apparently to accomplish the targeting of vesicles to their destination membrane. Considerable functional and morphological evidence now supports this idea, although it is clear that the rab/ ypt proteins do not act alone in vesicle targeting [4] .
The fission yeast Schizosacharomyces pombe, like S. cerevisiae, is a simple eukaryote amenable to a variety of genetic methods, both conventional and 'reverse'. Recently, its genome has been entirely mapped on overlapping cosmid clones [ 51, providing both a formidable genetic resource and a prelude to the determination of its complete DNA sequence. S. pombe differs from S. cerevkiae, however, in many fundamental aspects of its molecular and cellular biology. With respect to the processes of membrane trafficking, S. pombe has a peripheral ER extending throughout the cytoplasm [6, 7] , and has well-formed and easily detectable Golgi stacks Volume 22 [8] in which galactose is added to secretory glycoproteins [9]. The signal recognition particle, which is responsible for delivering nascent secretory and membrane proteins to the ER, is essential for viability [ 101 and structurally resembles its mammalian equivalent [ 111.
Thus, we have chosen this organism to explore various aspects of the biological role of the ypt proteins: the number of different ypt proteins and the stages of membrane traffic in which they function; their relationship to mammalian homologues; and the identification of proteins with which they interact. Here, we summarize our progress so far.
The ypt genes
Using mixed oligonucleotides encoding a conserved sequence in part of the GTP-binding site, we have isolated five ypt genes from genomic and cDNA libraries of S. pombe DNA . A sixth, termed ryhl, has been described elsewhere [ 161. Yptl, -2 and -3 were independently isolated and analysed [ 17, 181 . The relationships of the encoded proteins to mammalian rab proteins, and their importance for viability, are summarized in Table 1 . Four of the genes are required for normal growth, and all but ypt4 have obvious mammalian homologues. The high level of sequence conservation between the S. pombe and mammalian proteins is in itself evidence for their importance to the cell.
Isolation of ypt mutants by reverse genetics
T o investigate the function of the ypt genes, we are constructing strains which are conditionally defective in each gene. The method is outlined in Figure  1 . It relies on homologous recombination to replace the endogenous gene with a mutated copy which is attached to a selectable marker gene [19] . This technique was used to isolate a temperature-sensitive mutant in the yptl gene, whose homologues in S. cerevisiae and mammalian cells, YPTl and rabl, respectively, are involved in trafficking between the ER and Golgi complex [2, 20] . The mutation is lethal at 37°C; electron microscopy showed that mutants at restrictive temperature had lost their Golgi stacks, presumably as a consequence of an arrest of vesicle trafficking into the Golgi.
The mutant yptl gene was recovered and sequenced. This showed that the mutation encoded a change from Val to Asn at position 19, a residue conserved throughout most of the rab/ypt family. Therefore, the corresponding mutation was con- 
Ypt4: a gene for vacuole function?
The ypt4 gene is unusual in that it has no obvious homologue among ypt/rab proteins described so far. 
YptS: an endocytic gene?
Ypt5 protein is the homologue of mammalian rab5, which appears to function in the early stages of endocytosis [23] . Various indirect lines of evidence have been presented that ypt5 has a similar role [ 151. Like the other ypt and rab proteins, ypt5 is modified at its C-terminal sequence (Cys-Ser-Cys) with geranylgeranyl groups, and is additionally methylated [24] . To dissect the role of each Cys residue in this process, one or both were changed to Ser by site-directed mutagenesis. Each single Cys form, but not the double mutant, could support function in vivo [25] ; however, both single-Cys mutants have growth defects, the Cys-Ser-Ser form at low temperature, and the Ser-Ser-Cys mutant at high temperature in the presence of glycerol. In both cases, the vacuoles show a distinctive alteration in morphology. As with ypt4 disruptants, a small number of abnormally large vacuoles are present, but in addition a population of very small vacuoles is visible near the cell surface. It seems plausible that this phenotype is attributable to a block in the early stages of endocytic vesicle traffic, but direct evidence for this awaits the development of marker molecules for endocytosis in S. pombe.
Outlook: how many rabs?
Much evidence now supports the original hypothesis that a different rab/ypt protein is involved in each stage of vesicle trafficking [2] . The total number of mammalian rabs is now over 20, but in yeasts the number appears to be much less. Amplification of S. pombe ypt genes by PCR has so far failed to reveal any but the original six genes, and thus it seems unlikely that the total number will be much higher.
Does it follow that S. pombe has only six distinct stages of vesicle trafficking, to accomplish secretion, endocytosis and delivery to the vacuole? In higher cells, this is clearly not the case. It is interesting to note that rab4 and rab9, which appear to act in recycling from early endosomes to the cell surface and from late endosomes to the vacuole, respectively [26, 27] 
Sorting of plgR for transcytosis in whole cells
The route that pIgR follows to get access to the apical plasma membrane is the same in our model system as it is in viva After synthesis in the ER and translocation through the Golgi, the pIgR is directly delivered from the trans-Golgi network to the basolateral surface. There, endoplasmic reticulum can bind its ligand, dimeric IgA (dIgA), and is then normally endocytosed at the basolateral surface. In the early endosome, it is sorted into vesicles that are transcytosed to the apical surface. There, after fusion with the apical plasma membrane, the extracytoplasmic portion of the receptor, the secretory component (SC), is proteolytically cleaved and released into the apical medium, together with its ligand still bound.
In whole cells, we have recently shown [3] that sorting of the pIgR is controlled by two independent signals: phosphorylation of Ser6h4 in the cytoplasmic domain of the receptor, and binding of the physiological ligand, dIgA. Transcytosis of the pIgR is stimulated by phosphorylation of Ser"' in its cytoplasmic domain [4] . Mutation of Ser"' to Ala (~1 g R -A l a~~~) reduces transcytosis, whereas
